Solid phase extraction coupled with spectrophotometric detection was applied to trace amounts of Pantoprazole (PP) drug using Cetyltrimethylammonium bromide coated-iron oxide magnetite nanoparticles CTAB@Fe 3 O 4 MNPs. After characterization of the prepared nano-adsorbents, experimental parameters affecting the extraction efficiency of the developed method were optimized. The results obtained showed that this proposed approach is applicable in concentrations ranging from 0.1 to 1.5 µg/ml (R 2 = 0.9958) indicating that follows Beer's-Lambert law. The limit of detection and the limit of quantification calculated to be 0.014 and 0.04 µg/ml, respectively. The repeatability of the proposed method was evaluated with studying intra-day and inter-day precisions described by relative standard deviations. Eventually, two samples of natural waters as well as samples of human plasma were analyzed using the proposed method. Satisfactory precision and recoveries in the complex matrices were achieved.
Introduction
The inter surface of stomach is formed of numerous gastric pits which release gastric acid secretions. High contents of these secretion lead to flow back up to the food pipe and cause Laryngopharyngeal reflux (LPR) problems. Pantoprazole (PP) with commercial name of Protonix is classified in Proton pomp inhibitor drugs category which reduces the amount of acid in stomach.
PP suppresses proton pomp activation owing to covalent attachment to hydrogen-potassium adenosine triphosphates enzymes (on the surface of gastric parietal cells), harnessing secretion of hydrogen ions [1] [2] [3] .
Determining and measuring the drug in water, wastewater treatment and biological fluids to reduce toxicity is of significant importance. That is why several analytical methods were investigated to assay PP drug in environmental and biological samples using high-performance liquid chromatography (HPLC) [4] [5] [6] [7] , reversed-phase high-performance liquid chromatography (RP-HPLC) [8] [9] [10] , high performance thin layer chromatography (HPTLC) [11, 12] , voltammetry analysis [13] [14] [15] , liquid chromatographytandem mass spectrometry (LC-MS) [16, 17] and UVspectrophotometry [18, 19] . However, in recent years, the usage of nanostructured materials has drawn great attention of researchers as adsorbents to separation, extraction and illumination of various organic and inorganic species from complex matrices [20] . Liquidliquid extraction technique, a method which the target transmission accomplishes on the basis of equilibrium process, faced with some restrictions. Need for high purity toxic eluant, limited usage to non-polar targets, high cost of organic solvent and mandatory restrictions of protection agenesis exerted to use safe and benign materials with environment are some of shortcomings accompanying with it [21] . Sample pretreatment to avoid interferences, extra-dilution and wash off harmful contamination are difficulties attributed to solid-phase extraction (SPE) packedcolumns which are time-consuming, costly and need skilled operators to automate [22, 23] . Hence, emerge of solid phase extraction on the basis of nano/microstructure materials solved these problems. Among different nanoscale materials, magnetite nanoparticles (MNPs) are widely being used because of considerable properties such as low toxicity, biocompatibility, low mass transfer resistance and strong magnetism which causes to be easily isolated from the reaction system with an external magnetic field [24, 25] . Besides, high ratio of surface area to volume of MNPs eventuates in excellent loading capacity and extraction efficiency [26] . As a result of which, they may supersede conventional methods of solid-phase extraction cartridges and liquid-liquid techniques for rapid and facile determination of various spacious. Nevertheless, they tend to be accumulated to large clusters and oxidized spontaneously in the presence of oxygen during storage process which has adverse effect on their applications. To overcome these limitations, they are functionalized with appropriate materials to enhance their stability, better dispersion in aqueous media and finally form homogenous suspensions. More importantly, in this way they are also predisposed to further attachments with target molecules [27, 28] .
To effective application of solid phase extraction process, iron oxide MNPs are coated with a shell of ionic surfactants, functionalized-mineral coatings by surfactants or other materials. Mineral oxides adsorbents are coated with surfactant molecules electrostatically (coulombic attractions) and form hydrophobic monolayer hemimicelles and ionic bilayer admicelles. This dual mechanism of surfactants, hydrophobic and electrostatic interactions, has led to be used to extraction and determination of various analyte molecules. Several studies applied surfactants such as sodium dodecyl sulfate (SDS) and Cetyltrimethylammonium bromide (CTAB) to modify the surface of either MNPs [29] [30] [31] [32] [33] [34] [35] or functionalized silica, alumina and carbon coated MNPs [36] [37] [38] . They have taken advantage of these structures to solid phase extraction of bioactive constituent in pharmaceutics and environmental contaminants.
In the present study, we employed the structure of Cetyltrimethylammonium bromide coated with iron oxide magnetite nanoparticles (CTAB@Fe 3 O 4 MNPs) for preconcentration and determination of PP drug by UV-visible spectroscopy detection. All experimental parameters were investigated to specify the condition under which the best extraction efficiency could be obtained. After optimizing parameters such as the pH of the solution, the amount of CTAB, extraction time, the amount of adsorbent (Fe 3 O 4 ), the type and amount of detergent (solvent), desorption time, the proposed nanocomposites were exploited in aqueous and human plasma samples. Finally, the obtained results are compared with previously reported studies conducted on determination of PP. To our knowledge, this is a first research have been conducted on SPE of PP drug using MNPs as adsorbent.
Experimental Apparatus and Chemicals
Spectral measurements were performed by UV-VIS spectroscopy (Lambda-25 model, Perkin-Elmer). Scanning electron microscopy (EM3200 model, KYKY), X-ray diffraction analysis (X'pert-MPD model, Philips), vibrating sample magnetometer (Meghnatis Daghigh Kavir Co. Iran), pH-meter (UB-10 model, Denver instrument) were used in this study.
Pantoprazole Sodium Sesquihydrate (99.96%), Fe 3 O 4 nanoparticles (99.5%, particle size 15-20 nm) and two-distilled water were purchased from Hakim, US research nanomaterials Inc., and zolal sabalan Co. (Iran), respectively. CTAB (analytical grade), Sodium hydroxide, hydrochloride acid (analytical grade), and acetonitrile (HPLC-grade), all were received from Merck (Germany). Ethanol (analytical grade) and Methanol (HPLC-grade) were also received from Romil (England).
SPE procedure
The SPE procedure was generally accomplished as follows: 100 ml of preliminary sample solution (100 µg/ml) was prepared by adding 0.01 g of PP volumed by two-distilled water and samples of 50 ml are taken from the stock solution. Then, 0.1 g of adsorbents and 5 ml of CTAB solution (0.2%, w/v) were added to each sample and ultrasonicated for 10 min. MNPs are separated using a magnet and the supernatant collected was decanted off. CTAB@Fe 3 O 4 MNPs were dispersed in 5 ml of methanol as solvent and ultrasonicated for 10 min once again. Absorbance of samples was recorded spectrophotometrically at 290 nm. This wavelength for maximum absorbance of PP drug was measured previously, results not shown. The entire steps of the process are shown in Fig. 1 .
Natural waters and human plasma sampling
Subterranean water sample and city water were collected from water well and water tape of lab (Shahrak Gharb, Tehran), respectively. 100 ml of preliminary stock solution with 0, 0.5 and 1 µg/ ml concentrations was added to each sample. 3 ml plasma obtained from volunteers have not taken PP drug and sampled in Laleh Hospital's laboratory, Tehran, Iran. Then, it was centrifuged immediately at 4000 rpm for 20 min and stored in freezer at -20°C. Before processing time, plasma solution was allowed to be thawed at room temperature. To evaluate the repeatability of the experiment, each sample was triplicated as described above but under optimized conditions which will be discussed.
Results

Characterization of the prepared CTAB@ Fe 3 O 4 MNPs
Surface morphology of the Fe 3 O 4 and CTAB@ Fe 3 O 4 MNPs are illustrated in Fig. 2(a) , (b). Electron microscopy images which taken in same magnitude (40 K) show that the morphology of these particles is quasi-spherical and particle size of Fe 3 O 4 MNPs is almost similar to the nanoparticles coated by CTAB. To examine magnetite properties of both MNPs and modified MNPs, VSM analysis was carried out. The magnetization curve, shown in Fig. 3 , revealed being superparamagnetic of these particles implying no magnetism property after the removal of the external magnetite field. Hence, they are being manipulated to be simply separated from the bulk of solution. For CTAB@Fe 3 O 4 MNPs, saturated magnetization is of 55 (emu/g) value, while just a very slightly decline observed compare to that of Fe 3 O 4 MNPs. All the characterization analyses conducted showed that coating process has not been significantly changed the structure of Fe 3 O 4 MNPs.
Effect of pH
As isoelectric point plays a main role to control over charge density of mineral oxides, selecting the preferable pH is considered important to obtain the most surfactants loading on MNPs, ultimately, eventuating in better extraction efficiency. This point for Fe 3 O 4 MNPs has been reported previously equal to pH 6.5 and thus efficient interaction was to be expected in pHs more than 6.5 [29] . By adding CTAB as a cationic surfactants to the mixture in a basic condition of reaction, MNPs surfaces become anodic which underlie to attract these cationic surfactants electrostatically. As soon as a monolayer accumulation of micelles surrounded Fe 3 O 4 MNPs (Hemimicelles), the remained micelles formed the second layer. Due to the hydrophobic interchain interactions, di-layer surfactants of admicelles are formed. For pH values lower than isoelectric point of Fe 3 O 4 MNPs, the negative charge density of the MNPs surface decreases which result in significant drop in analytical signal. Hence, the effect of pH was investigated between 2 to 12 and the results acquired were showed in Fig. 4 . It is clear that the maximum extraction efficiency is attained once pH is fixed at 10.
Optimization of the CTAB amount
The effect of the CTAB amount was studied by adding various amounts of CTAB between 1 to 7 ml to the reaction mixture. Results, brought in Fig. 5 , demonstrate that with adding 5 ml of CTAB a dramatic increase in extraction efficiency was acquired while for greater extent of CTAB a sharp drop was observed. This phenomenon is justifiable because when the amount of CTAB exceeds critical micelle concentration (CMC) level result in the growth of micelles in the solution of reaction freely. Therefore, the aliquot of analyte could be lost through these micelles and not be extracted magnetically.
Contact time assay
PP drug adsorption process on MNPs was allowed to proceed in different times of reaction. The optimal time at which the reaction accomplished was obtained 7 min, results not shown. High surface area, homogeneous distribution of the particles and excellent affinity between these nano-absorbent and drug analyte lead to reach such a fast extraction process. This is a superiority of the MNPs over conventional SPE and other Micro-oriented techniques which necessitates 30 to 60 min period of time to reach equilibrium state.
Optimization of the amount of Fe 3 O 4 MNPs
Due to the high ratio of surface area to the volume of the nano particles, they are a promising alternative for conventional micro-adsorbent. Hence, only a small amount of MNPs is required to achieve significant results. The effect of the adsorbent amount on extraction efficiency was studied. To that aim, various quantities of Fe 3 O 4 MNPs ranging from 0.05 to 0.15 g was dispersed into the reaction mixture and subjected to evaluate. It was found that, from Fig. 6 , the optimal amount of Fe 3 O 4 MNPs for 5 ml of CTAB is 0.07 g.
Optimization of desorption conditions
Adsorption process of drug from the MNPs surface takes place by a solvent. Organic solvents can simply deteriorate the structure of formed hemimicelles. Adsorption process of the PP was spectrophotometrically tested by ethanol, methanol and acetonitrile. Due to the better PP removal by ethanol, it was considered as desorbing solvent. Then, the optimal amount of the requisite solvent is determined at different volume of ethanol between 1 to 8 ml. Fig.  7 presented that just 1ml of ethanol is quite enough to separate PP quantitatively from their carrier surface. To reach the effective desorption duration, time-dependent changes in the adsorbed drug level were also perused and showed in Fig. 8 . Accordance with this figure, standing for 2 min will provide sufficient contact time for analyte target and solvent to achieve complete desorption of PP drug.
Effect of the volume of sample solution
The impact of the sample volume on preconcentration of samples was examined while the amount of analyte target, MNPs, and CTAB were kept constant. By doing so, the maximum diluted sample in which highest preconcentration factor and extraction efficiency could be attained. As it can be seen from Fig.  9 just insignificant change is observable in extraction efficiency till the 100 ml of sample. Increase of sample volume above 100 ml causes to decrease in extraction efficiency due to the overconcentrated of target analyte followed by drug ejection into the reaction mixture. Consequently, optimal pre-concentration level of each sample is proportional to 100 per unite of solvent.
Authenticity and validation of the method
The proposed method in order to PP solid phase extraction using MNPs was evaluated. To that end, analytical factors such as detection (LOD), limit of quantification (LOQ), relative standard deviation (RSD), and recovery percentage were measured. The calibration curve was established between 0.02-1.2 µg/ml under optimized experimental conditions with squared regression coefficient of 0.9935. The equation for this line is: A=0.8514C PP +0.0083 where, C pp is the PP concentration and A is the absorbance. LOD (S/ N=3) and LOQ(S/N=10) were found to be 0.014 and 0.04 µg/ml, respectively.
To estimate how elaborate and repeatable this method is, the Inter-day and intra-day precision of the developed method were studied (Table 1) . In order to calculate intra-day precision, four supernatants of the standard solution were analyzed during a same day and inter-day precision was also performed over four consecutive days, for both under optimal conditions and pre-concentration of the drug. RSD was calculated satisfactory RSD values 1.76% and 1.48% were obtained for intra and inter day, respectively, indicating the good repeatability of this method.
The results were compared with that of reported literatures devoted to PP drug determination Table 2 . The values of the parameters obtained from reported studies confirm excellent analytical parameters of the current simple assays in compare with traditional methods. Most of these techniques are either suffering from instability of the phases which leads to reach undesired accuracy and precision (see ref. [43] in Table  2 ) or extravagant expenses of required instruments and sample pretreatment.
Pharmaceutical applications assay
To assess the competence of this method, it was applied for PP determination in biological, laboratory tap water and subterranean water specimens. Samples were spiked to certain extents of PP and triplicated. The recoveries achieved for each samples and standard deviations (RSD) have been given in Table 3 . The excellence values of recoveries proved the capability of this methodology to trace PP drug without being impressed by the potential presence of the interferences in such complex matrices.
Conclusion
In this work, a fast, facile and practical method for determination and pre-concentration of PP drug on the basis of Cetyltrimethylammonium bromide (CTAB) coated with magnetite nano particles was reported. The synthesized carriers were also applied as nano-adsorbents in order to extraction and of this drug in water and biological samples under optimized conditions. Abrupt separation process, minimal amount of requisite organic solvent, and finally reusability feature of such super-magnetic systems has profound impact on economical thrift and time consumption which were the impediments of the traditional separation methods. Moreover, satisfactory amounts of recoveries, linarites, and repeatability along with low limit of detection of this methodology demonstrate that the proposed method is completely feasible in applications of industrial levels. While analytical parameters measured were comparable to the previous works reported.
